Objective: A bibliometric approach using quantitative analytical methods was applied to explore the development of research investigating acupuncture for the treatment of pain. This study also evaluated the current status of acupuncture analgesia with a visualization analysis of journal articles. Methods: Articles on acupuncture for pain control that were published from 2000 to 2019 were retrieved from the Web of Science database. Extracted records were analyzed in terms of year of publication, country, journal, research area, authors, and organizational affiliations. The VOSviewer program was used to visualize trends in research on acupuncture for pain control. Results: Analyses of 4595 original and review articles revealed that the total number of publications has continually increased over the last 20 years. The country producing the most articles in this field was the United States, followed by China and South Korea. A network analysis based on the cooccurrence of keywords revealed the following three major types of studies: clinical studies, pain management studies, and mechanism studies. Conclusion: The present study evaluated research on acupuncture for pain control using bibliometric methods and revealed current trends in acupuncture analgesia research, as well as potential future hot spots of research in this field.
Introduction
Acupuncture is one of the most commonly used complementary and alternative medicines, and has been widely applied for the treatment of various conditions, including pain, stroke, nausea and vomiting, and for management of mental health. 1, 2 Acupuncture research has markedly increased during the past two decades and it is now widely used for pain management. 1 Because acupuncture is efficacious for pain management, 3 many of the mechanisms underlying acupuncture analgesia have been explored. 4 Several clinical trials have demonstrated the efficacy of acupuncture for chronic back pain 5 and headache. 6 Furthermore, many studies have assessed the underlying mechanisms of acupuncture analgesia in humans using brain imaging modalities, [7] [8] [9] and in animals using neurochemical approaches. 10, 11 However, despite the rapid increase in the number of published studies and important findings regarding the effects and mechanisms of acupuncture analgesia, there has been little quantitative analysis of research on acupuncture for pain control in terms of the impact of articles (based on the citation index), authors and organizational affiliations.
Bibliometrics is a quantitative analysis method that uses mathematical and statistical tools to measure the interrelationships and impacts of publications within a given area of research. This method can provide a macroscopic overview of large amounts of academic literature, and can also be used to efficiently identify influential studies, authors, journals, organizations, and countries over time. 12 Recently, a network analysis that employed bibliometric tools identified established and emerging research areas more intuitively by mapping social networks using co-word, co-authorship, and co-citation analyses. 13 Taiwan,   20 and Liang et al performed bibliometric analyses of studies of acupuncture treatment for low back pain. 21 However, there has been little study of overall trends in acupuncture analgesia research based on bibliometric analyses. Thus, the present study used a bibliometric approach to analyze patterns in research on acupuncture for pain control, and to evaluate the current state of research on acupuncture analgesia.
Methods

Sources of Data and Search Strategy
All data were retrieved from the Web of Science via the China Medical University Library website on July 28, 2019 using the following search terms: (acupuncture OR electroacupuncture) AND (pain). The Web of Science provides comprehensive publication data and is the widely accepted and frequently used database for the analysis of scientific publications. The publication period considered in this study was from January 1, 2000 to July 28, 2019; a total of 5230 articles were identified. Articles that were not original articles or reviews (n = 484), and those that were not written in English were excluded (n = 151); thus, a total of 4595 articles were ultimately included in the final analyses.
Data Analysis
Publications were stratified and systematically assessed according to publication year, country, journal, research area, authors, and organizational affiliations. Additionally, the frequencies of keywords extracted from the articles were assessed and then included in a network analysis of the development of research on acupuncture for pain control.
All data were downloaded from the Web of Science and imported into VOSviewer v.1.6.11 (Centre for Science and Technology Studies, Leiden University, Leiden, The Netherlands), which is commonly used to analyze and visualize relationships among authors, countries, co-citations, and the terms used in articles. 12, 22 The visualization of similarities (VOS) mapping method was used to estimate similarity (affinity) according to association strength, where higher association strength is indicative of greater similarity between terms, and a larger number of publications in which two items cooccur indicates that the terms are more closely similar to each other. The number of clusters can be varied depending on threshold of similarity between the nodes. The resolution of clustering was set as the default value (1.00) in this study. 22 Additionally, keywords were analyzed to identify popular topics in research on acupuncture for pain control. Keywords indicate article research themes; cooccurring keywords reveal associations in underlying themes among articles. Co-words were defined as words cooccurring in the titles or abstracts of the articles identified herein. Keywords were defined as words used more than 80 times in titles and abstracts across all publications. The VOS method was applied to cluster keywords into different groups; each cluster was identified with a different color. Each word is represented by a circle, the diameter and label size of which denote the number of occurrences in titles or abstracts. Colors represent groups of linked terms; the label size of a term represents the number of publications on acupuncture for pain control in which it is used, and the distance between two terms represents the degree to which they are associated. 
Results
Global Trends in Studies Investigating Acupuncture for Pain Control Over the Past 20 Years
The number of articles related to acupuncture for pain control has steadily increased over the past 20 years, but with some fluctuations among years ( Figure 1 ). Of the 54 countries identified in the present study, the United States had the most publications (30.7%), followed by China (24.2%) and South Korea (10.4%; Table 1 ).
Analysis of Journals and Research Areas
Of the 900 journals that were identified in the present study, Evidence-based Complementary and Alternative Medicine published the most articles (7.8%), followed by the Journal of Alternative and Complementary Medicine (5.2%) and Acupuncture in Medicine (4.9%; Table 2 ).
Of the 71 research areas that were identified in the present study, the most well-represented in terms of number of articles was integrative complementary medicine (33.3% of all articles), followed by neuroscience, neurology (19.6%), general internal medicine (12.8%), and anesthesiology (7.3%; Table 3 ).
Analysis of Keywords
The keywords in the 4595 publications assessed in the present study were analyzed using VOSviewer (Figure 2) . A total of 80 keywords were identified as having occurred more than 80 times in the title and abstract fields across all articles. These keywords appeared a total of 10,941 times across all publications, where the studies were classified as clinical studies, pain management studies, and mechanism studies. In the clinical studies cluster (Cluster 1), 39 keywords were frequently used, including acupuncture (2394 times), low back pain (550 times), management (545 times), randomized controlled trial (408 times), therapy (310 times), double-blind (280 times), and efficacy (280 times). In the pain management cluster (Cluster 2), 23 keywords were frequently used, including alternative medicine (283 times), prevalence (255 times), complementary (239 times), trial (192 times), care (181 times), and women (159 times). In the mechanism studies cluster (Cluster 3), 18 keywords were frequently used, including pain (1337 times), electro-acupuncture (759 times), stimulation (408 times), analgesia (367 times), mechanisms (237 times), neuropathic pain (233 times), and acupuncture analgesia (173 times).
The keywords were color-coded by VOSviewer based on average publication year, where blue indicates that a keyword appeared earlier and red indicates that a keyword appeared later. Table 4 shows the most top 15 frequent authors, according to the author lists of the articles included in the present study. Hyejung Lee of Kyung Hee University, South Korea authored or co-authored the most articles (69 articles) followed by Lixing Lao of Hong Kong University (65 articles) and Myeongsoo Lee of the Korea Institute of Oriental Medicine (KIOM; 65 articles). The authors of the 4595 publications were analyzed using VOSviewer (Figure 3) Authors were color-coded by VOSviewer based on the number of citations; blue indicates that the authors were cited a low number of times and red indicates that they were cited a high number of times. Table 5 shows the top 15 organizational affiliations of the 4595 articles identified in the present study. Kyung Hee University published the most articles (5.6%), followed by Harvard University (4.2%). The organizational affiliations of the publications were analyzed using VOSviewer (Figure 4 The organizations were color-coded by VOSviewer based on the number of publications with which they were affiliated; blue indicates a low number of affiliations and red indicates a high number of affiliations.
Analysis of Authors
Analysis of Organizational Affiliations
Discussion
The present bibliometric analysis of studies investigating acupuncture for pain control published during the last two decades revealed that the total number of articles steadily increased during this period. The largest proportion of articles in this area were from the United States, followed by China and South Korea. The most well-represented fields of study in terms of number of articles were integrative complementary medicine, neuroscience, general internal medicine, and anesthesiology. Additionally, a network analysis based on the co-occurrence of keywords revealed three distinct types of studies, i.e., clinical studies, pain management studies, and mechanism studies. The present findings may be useful for organizing and prioritizing future research on acupuncture analgesia.
Keywords can provide information about the core content of an article, and can also be used to identify research trends in a particular domain. In the present study, analysis of keywords revealed three study types (clinical, pain management, and mechanism studies; Figure 2A ), as discussed above. Many clinical trials have investigated the efficacy of acupuncture for patients with low back pain or neck pain (Cluster 1: clinical studies) and, as a well-known complementary and alternative medicine, acupuncture treatment is now widely used to treat cancer-related and postoperative pain as an alternative to opioids (Cluster 2: pain management). 23, 24 Furthermore, many studies, including brain imaging studies of humans and animals, have explored the neural substrates of acupuncture associated with pain control (Cluster 3: mechanism studies). 9, 10 The present findings indicate that these study types together account for the majority of research on the effects and mechanisms of acupuncture treatment for pain control. Furthermore, based on our analysis of the changes in keywords by publication year, mechanism study keywords (Cluster 3) have recently become more prevalent than the keywords of the other study types ( Figure 2B ). Our analyses of authors and organizational affiliations revealed that many research groups in Asian countries have published a large number of studies on acupuncture for pain control. However, the authors with the most citations were from Europe and the United States, such as Claudia Witt, Klaus Linde, Benno Brinkhaus, and Hugh Macpherson (Europe) and Ted Kaptchuk, Vitaly Napadow, and Jian Kong (United States). However, citations might not be the best index of publication quality; although a considerable number of articles were from Asian countries, improvement in the quality of these publications is necessary. This study has some limitations. Web of Science covers other languages, but we only included English language in this study. Since other types of language were about 3% of the total articles, it is expected that the overall trends of our results might be similar to the results from without language restrictions. Furthermore, the number of clusters and the label of clusters in the network analysis can be varied based on the resolution of clustering and authors' subjective view. The last issue is that the VOSviewer uses the original affiliations which might not differ associated organizations precisely. For example, Massachusetts General Hospital, which is closely affiliated with Harvard Medical School, and Harvard University are separately analyzed in this study.
In conclusion, the present study used bibliometric methods to identify research trends in the field of acupuncture for pain control over the past two decades. Additionally, a network analysis revealed three main study types (i.e., clinical, pain management, and mechanism studies) with respect to acupuncture research for pain management. These results also provide insight into trends in acupuncture analgesia research and potential future hot spots of research in this field.
